One of the most practical and economical ways to remove a great amount of heat generated from many types of equipment is through the use of packed cooling towers, as they offer important advantages because of the direct contact between the fluids. With the purpose to help in the development of new studies that give a high contribution to the mentioned topic, it is necessary to analyze its trend of research. To help researchers to achieve that aim, it was completed an analysis of the research development of cooling towers from 2007 to 2017, using the software HistCiteTM. This study assessed a total of 569 publications related to cooling towers which were used to evaluate the trends of publications outputs, countries, main language, institutions, author, main journal, and keywords. The Republic of China, the USA, and Iran were the top 3 most productive countries with 141, 66, and 55 publications respectively. The most productive institution was the University of Queensland followed by Tongji University and Shandong University. The journals with the highest number of publications were Applied thermal engineering with 71 publications and Energy conversion and management with 45 publications. The most keywords used were cooling, tower, and performance. The most productive authors were Hal Gurgenci with 25 publications followed by Zhiqiang Guan with 24 publications, both from the Queensland Geothermal Energy Centre of Excellence in the University of Queensland.
Introduction
Chemical, petrochemical and nuclear power industries need to remove a great amount of heat generated from many types of equipment to operate efficiently. A practical and cost-effective way to accomplish this is through the use of cooling towers due to the direct contact between the fluids. Lots of experimental research has been done to optimize the performance of the cooling towers [1] studying the parameters that have the highest influence on heat and mass transfer, especially the type of packaging [2] [3] [4] . Most of the researches have focused on numerical simulation and modeling [5] , the type of packing material inside the tower [6] , and energetic and exergetic performance [7] . Because of the many applications of the cooling towers in the industry, it is of high importance the evolution of the study of the performance of cooling towers. In order to do that, it is necessary to study its trend of research to give the maximum research contribution possible. It is achieved by analyzing a large amount of information with the tool called bibliometric that helps to examine the scientific production and research trends of numerous fields. With this method all the information is organized, quantitatively measured, and evaluated with the help of additional computational tools. This paper was designed to analyze the trend of research of cooling towers by screening this topic of research worldwide from scientific publications issued from 2007 to 2017. It was done using a bibliometric analysis with the help of the software named HistCiteTM. The purpose was to reveal and compare the participation of recognized scientific journals and institutions, countries around the world and researchers, in relation to their interest in cooling towers finding the direction of research in this topic.
Methodology
The documents used in this study was provided by the online based scientific citation indexing database Web of Science. HistCiteTM, which is a tool that joins all the bibliographic information (titles, authors, dates, author addresses, references, etc.) to perform bibliometric analysis and visualization tasks, was the software used to obtain the data. It was found a total of 569 documents about research in cooling towers. The criteria of evaluation used for the identified publications in the database were the following: year of publication, main journals, most productive countries, most productive institutions, most productive authors, and author keywords. It was implemented a program of data analysis to customize the results according to the conditions of the user. To have a better understanding of the results, they were grouped into tables and graphs of different types.
Results and Analysis

Publication outputs The bibliometric analysis was made considering the range of time from 2007 to
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2017 where a total of 569 documents on cooling towers were identified. The type of document most frequently used was the article type with a total of 498 publications (87.52%), followed by editorial material with 19 publications (3.33%), proceedings papers with 18 publications (3.16%), news item with 11 documents (1.93%), meetings abstract with 9 publications (1.58%), reviews with 9 publications (1.58%), letter with 4 publications (0.70%), and corrections with 1 publication (0.18%). The predominant language was English with 545 publications out of 569 publications, representing the 95.78%, followed by German (13), Spanish (6), Polish (2), Chinese (1), and Korean (1). Figure 1 shows a high increase in the number of publications from 2007 to 2017 presenting a linear behavior with a slope of 4.54 publications per year, which is a high number, evidencing the high importance of the cooling towers in the scientific community during that period. This topic had an increment in research publication of 213% from 2007 to 2017. Table 1 shows a summary of the results of 10 main scientific journals, where NP refers to the number of publications, TLCS is the total local citation score, TGCS is the total global citation score. Applied thermal engineering was the first in the top with 71 publications corresponding to the 12.5% of the total number of publications. That journal is followed by Energy conversion and management with 45 publications (7.9%), and Heat transfer engineering with 14 publications (2.5%). The main area of study of the cooling towers is the energy transfer. The computational advance has helped to make simulations in this topic that help to understand the behavior of this type of equipment resulting in a design with enhanced performance. The top two journals mentioned before have the top TLCS as well, indicating the high quality of their articles. In fact, when evaluating with another quality parameter such as the ratio TLCS/NP, these top journals continue with high values. of the total NP. It is followed by the USA with 66 publications (11.60%), Iran with 55 (9.67%), and Australia with 44 (7.73%). It can be seen that the Republic of China produced more than two times the second country with more paper production evidencing its advance in knowledge and technology. The countries shown in figure 2 refers to developed and developing countries. They have many kinds of industries with cooling towers mainly industries in the petrochemical area like Iran, the USA, and Saudi Arabia. As can be seen, most of the countries that are shown in figure 2b appear as well in figure 2a. It indicates not only their high productivity but also their high quality of research. On the other hand, the country with the highest ratio TLCS/NP (16.00) is Singapore, followed by Thailand (7.71), and Algeria (7.25). However, six of the top ten Table 3 shows the institutions that have made researches about cooling towers with the largest number of publications. The top two institutions are the University of Queensland in St Lucia, Australia with 33 publications, and Tongji University in Shangai, China with 31 publications. They were followed by Shandong University in Shandong, China with 21 publications. 
Conclusions
Based in a bibliometric analysis of the publications outputs, international productivity, major journals, most productive authors and keyword using the software HistCiteTM, a worldwide tendency in the research productivity associated to cooling towers from 2007 to 2017 was done. The number of publications remained on the increase with a slope of 4.54 publications per year. This research topic had an increase in research publication of 213% from 2007 to 2017. The Republic of China, the USA, Iran, and Australia were the countries leaders in number of publications with 141, 66, 55, and 44 documents respectively. These countries appear as well in the list of the top ten countries with highest TLCS values 359, 51, 186 and 233 respectively. The top two institutions with the highest paper production are the University of Queensland with 33 publications, and Shandong University with 21 publications. These two institutions have important research centers like the Queensland Geothermal Energy Centre of Excellence State Key Laboratory for Disaster Reduction in Civil Engineering. The journals with the highest number of publications were Applied thermal engineering with 71 publications corresponding to the 12.5% of the total number of publications and Energy conversion and management with 45 publications (7.9%).
